assay led us to identify an amino-terminal fragment of neurons from dissociated rat DRG are dispersed and cultured at low density in a three-dimensional collagen Slit2 as a positive regulator of sensory axon growth. Slit2 is a mammalian homolog of Drosophila Slit, a large gel environment (Figure 1 ; see below). The dissociated cell preparation was selected to enable direct visualizaextracellular matrix molecule previously implicated in early patterning of the Drosophila nervous system tion of axons from cell body to growth cone ( Figures  1G and 1H ), allowing multiple branches to be assigned (Rothberg et al., 1988 (Rothberg et al., , 1990 ). We and others in companion papers in this issue of Cell have implicated both unambiguously to a single neuronal cell body. In contrast, in assays in which multiple axons radiate from Drosophila Slit and mammalian Slit proteins in repulsive axon guidance (Brose et al., 1999 ; Kidd et al., 1999; Li clusters of neuronal cell bodies (such as explant assays), it can be difficult to distinguish between events in which et al., 1999). Our finding that an amino-terminal fragment of Slit2 can function as a sensory axon elongation-and a single axon branches and events in which two or more tightly fasciculated axons from different neurons defasbranch-promoting factor suggests that mammalian Slit proteins may participate in regulating the formation or ciculate, giving the appearance of branch formation. The three-dimensional culture environment was selected extension of axon collaterals in vivo, either during development or in the adult, and together with these other because previous studies had shown that it can reduce the frequency of nonphysiological events, such as the studies, provides evidence that Slit proteins are bifunctional-capable of being both positive and negative reginduction of multipolar neurons and growth cone bifurcations, that are often associated with growth on twoulators of axon growth. dimensional substrates; in some cases this allows development of a more faithful neuronal morphology (Harris Results et al., 1985). The neurons used in our studies are spinal sensory Time-Dependent Elaboration of Sensory Axon Arbors in an In Vitro Assay neurons, whose cell bodies are located in the DRG flanking the spinal cord. These neurons were selected beTo identify factors involved in controlling the ingrowth of sensory axon collaterals in the spinal cord, we first cause, for some subclasses at least, their development and their trophic requirements for survival in vitro have established an in vitro assay to observe directly the morphology of individual sensory axons. In this assay, been well described (reviewed in Snider, 1994 ). In the Factors were tested at three or four serial 10-fold dilutions spanning their physiological range. None were found to affect sensory axon branching in collagen gels. Interestingly, laminin 1 stimulated extension of axons that touched the plastic substrate at the bottom of the gel but did not affect growth within the collagen gel (data not shown). Abbreviations: NGF, nerve growth factor; NT, neurotrophin; BDNF, brain-derived neurotrophic factor; CNTF, ciliary neurotrophic factor; GDNF, glial-derived neurotrophic factor; HGF, hepatocyte growth factor; FGF, fibroblast growth factor; LIF, leukemia inhibitory factor; IGF, insulin-like growth factor; IL, interleukin; EGF, epidermal growth factor; TGF, transforming growth factor; PDGF, plateletderived growth factor; BMP, bone morphogenic protein; NCAM, neural cell adhesion molecule; GGF, glial growth factor.
portion of the DREZ starting at E14 and project along an arcuate trajectory to the ventral spinal cord to connect to motor neurons ( Figures 1E and 1F ). The last axons to enter are those of the small-diameter NGF-responsive thermo-and nociceptive neurons, which begin to send in collaterals from a more lateral position in the DREZ starting at E16 and that terminate in dorsal laminae (Figure 1E ). Other classes of sensory axons-including mechanoreceptive sensory neurons-whose neurotrophin responsiveness is not well understood send col- In initial experiments, DRG were freshly dissected from embryos of different ages and dissociated. The cell suspension was embedded at low density and culrat, the axons of these neurons reach the border of the tured in a collagen gel matrix in the presence of 25 ng/ spinal cord around embryonic day 12 (E12) in a region ml NGF to support survival of this neuronal class; in the termed the dorsal root entry zone (DREZ) (see Figure  absence of added neurotrophins, all neurons in these 1A) (Altman and Bayer, 1984) . Instead of directly entering cultures died within 24 hr (data not shown). When E14 the spinal cord, the axons first bifurcate, and the daugh-DRG were used, the NGF-responsive neurons regenerter axons run longitudinally in a rostral and caudal direcated simple axons with few branches for the first 4 days tion along the spinal cord for several segments (Figures of culture ( Figure 1G and data not shown) and then 1A, 1C, and 1D). The first axons to send collaterals into gradually developed more extensive arborizations over the spinal cord are the large-diameter muscle spinal the next 2 days (data not shown). When E17 DRG were afferents, which require NT3 for their survival (reviewed used, the neurons showed a similar time-dependent increase in complexity, but accelerated by about 3 days in Snider, 1994). Their collaterals enter from the medial ( Figure 1H and data (Figure 2) .
We therefore searched for a more abundant source of activity by screening salt extracts of membranes derived salt and then loaded onto a wheat germ agglutinin (WGA) column. Activity was recovered in the column eluate from several other tissues. Activity was detected in adult rat and cow brain, as well as in calf brain ( Figure 2D ), but not the flowthrough (data not shown). Because we observed low recovery of activity in the eluate fraction but not in adult chicken liver (data not shown).
of the WGA column, we tested the possibility that the activity might have split on the column. Indeed, we found Biochemical Purification of the Axon Elongationand Branch-Promoting Activity that the flowthrough fraction of the column, which did not contain detectable activity of its own ( Figure 3C ), Calf brain was chosen as a source for purification because it is readily available and contains abundantly an could dramatically potentiate the activity in the eluate fraction (Figures 3D and 3E ; see Figure 8 for quantiactivity that mimics that observed in spinal cord extracts. Figures 2G and 2H show at high magnification tation). The activity in the WGA eluate was further fractionated the effect of this extract on individual neurons (see also Figure 2D ). A characteristic dose-response curve was in parallel using four different columns: heparin-Sepharose high performance, hydroxylapatite, gel filtration, seen when the total axon length and number of branchpoints per neuron were quantified in response to serial and Mono-S (Figure 4 ). Assays were performed in parallel in both the presence and the absence of synergizing 2-fold dilutions of the brain extract ( Figure 2I ). At optimal concentrations, the average axonal length was inactivity, with similar activity profiles in both cases (data not shown). The amount of activity in each column fraccreased about 2.5-fold and the average number of branchpoints per axon about 5-fold ( Figure 2I ). To track tion was measured and plotted against the corresponding protein content seen on a silver-stained SDS-PAGE activity through the purification, a unit of activity was defined as the lowest amount of extract in a 2-fold dilugel. By comparing activity profile and protein staining intensity, a particular band at 140 kDa (p140) was found tion series that, when added to 1 ml of medium, can still give a branching response around the plateau level (e.g., always to correlate with activity ( Figure 4 ). The specific activity of the band (with protein mass estimated using in Figure 2I , 1 unit of activity was present in 125 g of extract).
silver-stained standards) was estimated at 100-200 ng per unit. Owing to the difficulty of preparing enough Figure 3A illustrates the steps used to purify the activity. Calf brain homogenates were fractionated initially material and maintaining its activity over the lengthy assay period at this stage of purification, these four by differential centrifugation, and the microsomal membrane fraction was extracted with high salt (1 M NaCl).
columns were not further combined into serial steps. Instead, a large preparation of WGA eluate purified from The majority of the activity (Ͼ75%) was contained in this extract. The activity was bound to a heparin column 1 kg of calf brain tissue was fractionated on a hydroxylapatite column, and the p140 candidate band, identified at intermediate salt concentration and eluted with high to contain 1525 amino acids, with a predicted molecular weight of 170 kDa or higher if glycosylated. Since no peptide sequence obtained from p140 mapped to the p140 Is an Amino-Terminal Fragment of Slit2 Sequence information from ten tryptic peptides derived C-terminal region of human Slit2, and since the mass of p140 was less than predicted for full-length Slit2, from p140 was obtained from Edman degradation and tandem mass spectrometric data (see Experimental Prowe suspected that p140 might be an amino-terminal fragment of Slit2. Indeed, as we subsequently found and cedures). Several of the peptide sequences showed homology to portions of Drosophila Slit, a protein originally describe in Brose et al. (1999) , when recombinant human Slit2 is expressed in mammalian (COS) cells, in addition cloned by low stringency screening using a cDNA probe corresponding to the epidermal growth factor (EGF) reto a full-length protein migrating at ‫091ف‬ kDa, an aminoterminal cleavage product (Slit2-N) is observed migratpeat regions in Notch (Rothberg et al., 1988 (Rothberg et al., , 1990 . Through a remarkable coincidence, at the time we obing at ‫041ف‬ kDa, similar to p140, and a carboxy-terminal cleavage product (Slit2-C) is observed migrating at tained these sequences we had also independently been identifying human and rat homologs of Slit because (1999) . p140 is likely the bovine homolog of human Slit2, since all ten peptide sequences were identical the true cleavage site of Slit2. This site is, however, consistent with the peptide sequences derived from mito predicted sequences in the human Slit2 protein (Figure 5) .
crosequencing, which were all obtained from the region amino-terminal to this site ( Figure 5 ). Human Slit2 encodes a secreted protein containing Figure 9D ). extracts, it was a strong candidate for the active component in these extracts. We therefore purified recombiExpression of Slit2 is also detectable in a punctate pattern in the DRG themselves at E17 ( Figure 9D ), in connant hSlit2-N ( Figure 6 ) and tested it in the E14 DRG assay. Purified hSlit2-N significantly stimulated axon trast to its absence at earlier stages. We also examined the distributions of Slit1 and Slit3 mRNAs, since the elongation and branch formation, with a specific activity of ‫051ف‬ ng per unit, whereas a control fraction purified other two Slit proteins might also affect sensory axons. Slit1 is expressed in dorsal spinal cord and the DRG at in parallel from COS cells transfected with the vector plasmid alone had no effect (Figures 7 and 8) . Furtherboth E14 and, at higher levels, E17 ( Figures 9A and 9B ). Slit3 is expressed most highly in restricted regions of more, the synergizing activity in the WGA flowthrough fraction from calf brain extracts also potentiated the the ventral spinal cord at both E14 and E17, with lower level diffuse expression in DRG and little expression in activity of hSlit2-N. Interestingly, full-length hSlit-2 (Figure 6 ) had no activity in the assay (Figures 7D and 8) . that observed here in our dissociated cell assay (comwith a particular interest in identifying factors that can pare Figure 1D to, e.g., Messersmith et al., 1995). We regulate the initiation, stabilization, or elongation of colhave found, however, that we can cause a dramatic lateral axon branches. Using this assay, we identified increase in the length of the axons in the dissociated through biochemical purification an amino-terminal fragcell assay either by coculture with an entire explant ment of Slit2, Slit2-N, as possessing elongation-and or by simply increasing the density of the dissociated branch-promoting activity, and we also identified an accultures (data not shown). These results suggest that tivity that synergizes with Slit2-N. These results suggest sensory neurons themselves secrete a factor-perhaps that Slit proteins may function to regulate sensory collata Slit protein-that can act in autocrine/paracrine fasheral ingrowth into the spinal cord and, together with the ion to stimulate the small amount of growth seen with evidence that Slit proteins are repulsive cues for some NGF. Evidence for an autocrine effect on axon elongaaxons, provide evidence that Slit proteins are bifunction has also recently been provided in the case of hepational, affecting different axonal populations in different tocyte growth factor (HGF) effects on sympathetic axons ways, perhaps dependent on the receptors made by the responsive cells. (Yang et al., 1998 ). The dramatic halo of outgrowth from E14 ganglia obdevelopmental stage (E16-E17) when they would normally form collateral branches to invade the spinal cord. served with NGF may therefore reflect the actions of both NGF and this factor, leading to a reinterpretation Purification of the activity in brain extracts led to the of the results of the classical explant assay, at least at identification of Slit2-N as a component of the brain-E14. It remains to be determined which factor contribderived activity and to the finding of a distinct activity utes most to the outgrowth and whether the relative that can synergize with Slit2-N. Here we have independently purified a Slit protein as a regulator of axon growth, but in this case the action Branching could still be secondary to elongation if the relationship were nonlinear, with more branches ocis positive, not negative. Indeed, it is difficult to imagine how the stimulation of elongation and branching could curring on more distal portions of the axon simply, say, as a function of distance from the cell body. However, reflect the action of a negative cue. As well, to the extent that the effect of Slit2 reflects a defasciculation of collatthe distribution of the added branches does not appear to conform to such a distribution and appears more erals from the parent axon shaft (as discussed above), this is the opposite of what would be expected of a random (see Figures 7B, 7G, and 7H) , indicating that Slit2-N can increase both the length and the number negative regulator of axon growth. Thus, ephrin proteins, which function as repellents and inhibitors, drive fascicof branchpoints on these axons at least partly in an independent fashion. ulation of axons in vitro, not defasciculation, as the axons appear to attempt to minimize contact with the reAn additional caveat concerning the interpretation of our assay stems from the difficulty in any system or pulsive factor by growing on one another rather than on the substrate (Winslow et al., 1995) . Taken The branches that formed, however, were short protruis not completely resolved. It is certainly possible that in our assay the appearance of branches reflects at least sions, extending in general less than 5 m from the axon shaft (see Figure 6 in Castellani et al., 1998). In contrast, in part the defasciculation from the parent axon shaft of preexisting branches. We do not, however, believe we defined axonal branches as being more than 20 m in length (see Experimental Procedures). It may be that that it can account for the effect entirely. The strongest evidence for this view comes from the examination of ephrin-A5 stimulates the formation of branches from layer six cortical axons but does not stimulate the extenresponses of the many axons to purified Slit2-N, in which only a small amount of axon elongation is accompanied sion of these branches. Further studies will be required to determine whether the increased branching reported by extensive appearance of branches (see, e.g., Figures  7G and 7H ). It is difficult to imagine that the extensively in the cortical axon assay and in our sensory axon assay refer to similar types of branching phenomena. branched morphologies result entirely from the springing off of preexisting collaterals in those cases. HowWe have found that the purified amino-terminal fragment Slit2-N, but not the full-length molecule Slit2, posever, proving this definitively will require more extensive experimentation, including, for instance, electron misesses the elongation-and branch-promoting activity, indicating that cleavage is important for bioactivity. It is croscopy and the local application of Slit2-N protein to axon shafts to attempt to induce branches directly. And possible that in the absence of cleavage the conformation of the N-terminal moiety is different and fails to it remains possible, perhaps even likely, that Slit2-N also promotes axon defasciculation-a function that might lead to receptor binding or activation. Alternatively, the C-terminal fragment may have a dominant inhibitory acbe expected of a positive regulator of sensory axon elongation (Tessier-Lavigne and Goodman, 1996). To tivity on the N-terminal fragment when presented in cis reflect this residual ambiguity, we chose to call the acwithin the molecule. It is of interest that during the purifitivity an "elongation-and branch-promoting activity" cation of recombinant Slit2-N we found that the mixture rather than a "branching activity" per se.
of full-length Slit2 and Slit2-N did not have activity in the assay (data not shown), whereas purified Slit2-N did, suggesting that the full-length molecule may actually Slit Proteins as Positive Regulators of Axon Growth function as an antagonist of Slit2-N. More quantitative Although Drosophila Slit was identified a decade ago, studies involving mixing purified proteins will be reanalysis of its mutant phenotype alone did not help quired to address this issue. In addition, a full underdistinguish whether its effect was primarily on axons or standing of Slit2-N function will require identification instead on earlier patterning events (Rothberg et al., of the receptor(s) on sensory axons that mediate its 1990). In companion papers, however, genetic and bioelongation-and branch-promoting activity. It is possible chemical evidence is now provided to show that Slit that Robo2, whose mRNA is expressed by sensory neufunctions as a repulsive axon guidance molecule that rons, is involved in transducing the Slit2-N effect, either prevents inappropriate midline axon crossing and that a repulsive function for Slit proteins in axon guidance alone or in combination with a coreceptor. If so, it will be of interest to determine how Robo receptors elicit gray matter of the central nervous system (CNS). One well-studied example is the projection of collaterals from positive and negative responses in different neurons. It is also possible, however, that the positive effect of corticospinal tract axons to multiple subcortical targets, such as the pons and the spinal cord (reviewed in Slit2-N on sensory neurons is transduced by a receptor mechanism not involving Robo proteins.
O'Leary et al., 1990, 1992). These axons form interstitially from a parent axon, much as sensory axons do, and in Finally, during the purification of Slit2-N from bovine brain, we discovered another activity in the flowthrough the case of the corticopontine projection, this appears to be directed at least partly by a soluble factor secreted fraction from the WGA column that can potentiate the activity of the eluate from this column as well as that of by pontine tissue (Heffner et al., 1990 ). It will be of particular interest to determine whether Slit proteins play a Slit2-N. This finding is reminiscent of the finding during the course of the purification of netrin proteins of an role in directing the development of collateral projections by corticospinal tract or other axons. If so, this activity in a side-fraction that can potentiate netrin activity and is termed netrin-synergizing activity (NSA) (Serawould also potentially have consequences for regeneration following injury to the spinal cord, as Slit proteins fini et al., 1994). Since both the Slit-synergizing activity (SSA) and NSA were detected in crude fractions that would be candidates for stimulating collateralization of axons from fiber tracts into the CNS gray matter or for should contain both activities, we have not yet been able to determine whether the two activities are related.
stimulating axon regrowth in an inhibitory environment to help alleviate the paralysis that accompanies injury Identification of SSA will help determine its likely function in vivo and the mechanism through which it potentito fiber tracts. More generally, our observation that an axon elongation-and branch-promoting activity is also ates Slit2-N activity. axons located in fiber tracts which then project into the 320 mM sucrose, 10 mM HEPES-NaOH [pH 7.5], 1ϫ protease inhibifor 4 hr at 4ЊC. The dialyzed eluate was then loaded onto a 1 ml CHTII Econo-cartidge (Bio-Rad) preequilibrated with LB3 at a flow tors [1 mM EDTA {pH 8.0}, 2 g/ml leupeptin, 2 g/ml aprotinin, 1 g/ml pepstatin A, 100 mM PMSF]). The tissue slurry was fed into rate of 0.5 ml/min. The column was washed with 10 ml LB3 and then eluated with a linear gradient from 100% LB3/0% EB3 (5 M a Low Shear Continuous Homogenizer (LH-21, Yamato Scientific) and homogenized at a pestle speed of 1100 rpm in four passages. Urea, 500 mM K 2 HPO 4 -HCl [pH 6.8]) to 0% LB3/100% EB3 over a period of 20 min at 0.5 ml/min, collecting 1 ml fractions into 1.5 ml The crude homogenate was centrifuged at 1000 ϫ g in a GSA rotor (Sorvall) for 20 min at 4ЊC. The resulting low speed supernatant was siliconized polypropylene tubes. Heparin Affinity Chromatography (II) centrifuged at 10,000 ϫ g in a GSA rotor for 20 min at 4ЊC. The pellets were reextracted with 400 ml HB and recentrifuged, and the Six milliliters of the WGA-Agarose eluate was diluted with 14 ml loading buffer 4 (LB4: 5 M Urea, 20 mM HEPES-NaOH [pH 7.5]) and supernatant was pooled with that obtained previously at the medium speed spin stage. This medium speed supernatant was centrifuged loaded onto a 1 ml heparin-Sepharose High-Trap column (Pharmacia) previously equilibrated with 70% LB4/30% elution buffer 4 at 42,000 rpm in a 45 Ti rotor (Beckman) for 80 min at 4ЊC. The pellets (80 ml) were resuspended with 160 ml of resuspension buffer (EB4: 1 M NaCl, 5 M Urea, 20 mM HEPES-NaOH [pH 7.5]) at a flow rate of 0.5 ml/min. After washing with 10 ml 70% LB4/30% EB4, the (RB: 10 mM HEPES-NaOH [pH 7.5], 1ϫ protease inhibitors), homogenized with a dounce homogenizer using ten strokes of an A pestle, column was eluted with a linear gradient from 70% LB4/30% EB4 to 0% LB4/100% EB4 over a period of 20 min at 0.5 min/ml, collecting 1 frozen in liquid nitrogen, and stored at Ϫ80ЊC. Salt Extraction ml fractions. Ion-Exchange Chromatography The resuspended high speed pellet (HSP) (240 ml) was thawed at 37ЊC and stirred at medium speed on ice. A low salt wash was Six milliliters of the WGA-Agarose eluate was diluted with 34 ml LB4 and loaded onto a 1 ml Mono-S column (Pharmacia) previously performed by gradually adding solubilization buffer (SB: 1.33 M NaCl, 10 mM HEPES-NaOH [pH 7.5]) until the conductance of a equilibrated with 70% LB4/30% elution buffer 5 (EB5: 0.5 M NaCl, 5 M Urea, 20 mM HEPES-NaOH [pH 7.5]) at a flow rate of 0.5 ml/ 1/100 dilution of the homogenate was ‫071ف‬ S/cm (so that the homogenate was ‫051ف‬ mM NaCl). The homogenate was stirred for min. After washing with 10 ml 70% LB4/30% EB5, the column was eluted with a linear gradient from 70% LB4/30% EB5 to 0% LB4/ 1 hr and then centrifuged at 35,000 rpm in a 45 Ti rotor for 2 hr at 4ЊC. The pellets from this low salt wash were resuspended in 3 vol 100% EB5 over a period of 20 min at 0.5 min/ml, collecting 1 ml fractions. of SB, homogenized with ten strokes of an A pestle, and stirred on ice for 1 hr. The homogenate was centrifuged at 35,000 rpm in a 45
Gel Filtration Chromatography Six milliliters of the WGA eluate was concentrated with a centriconTi rotor for 2 hr at 4ЊC. The supernatant (HSE [high salt extract], 210 ml) was frozen in liquid nitrogen and stored at Ϫ80ЊC. , 1996) . The solution was then directly injected onto a 0.32 ϫ 150 mm C18 capillary column. 6B) previously equilibrated with 300 ml loading buffer 1 (LB1: 300 mM NaCl, 10 mM HEPES-NaOH [pH 7.5]). After loading, the column Capillary HPLC Peptide Mapping Peptides generated from in situ tryptic digests were separated on was washed with a total of 300 ml LB1. The bound protein was eluted with 18 ml 1 M NaCl/10 mM HEPES-NaOH (pH 7.5), 18 ml a C18 0.32 ϫ 100 mm capillary column (LC Packings, Inc.). The HPLC consisted of a prototype capillary gradient HPLC system (Waters 1.25 M NaCl/10 mM HEPES-NaOH (pH 7.5), and 18 ml 1.5 M NaCl/10 mM HEPES-NaOH (pH 7.5). The peak of eluted protein was collected Associates) and a model 783 UV detector equipped with a Z-shaped flow cell (LC Packings, Inc.). A 30 cm length of 0.025 mm ID glass manually in a volume of 50 ml using absorbance at 280 nm to monitor the column efflux for the eluate peak.
capillary was connected to the outlet of the Z-shaped cell inside the detector housing to minimize the delay volume. The total delay Lectin Affinity Chromatography The HS CL-6B eluate was supplemented with CaCl 2 and MnCl 2 to volume was 0.45 l, which corresponded to a delay of 6 s for a flow rate of 3.5 l/min. The short delay greatly facilitated hand collection a final concentration of 1 mM and 0.1 mM respectively. The supplemented eluate was then divided evenly and loaded onto eight WGAof the HPLC fractions (Henzel and Stults, 1995). Solvent A was 0.1% aqueous trifluoroacetic acid and B was acetonitrile containing Agarose columns (Bio-Rad Poly-Prep Column packed with 1 ml Vector Laboratories WGA-Agarose and preequilibrated with loading 0.08% trifluoroacetic acid. Peptides were eluted using a linear gradient of 0% to 80% B in 60 min and detected at 195 nm. Peaks were buffer 2 [LB2: 1 M NaCl, 1 mM CaCl 2 , 0.1 mM MnCl 2 , 10 mM HEPESNaOH {pH 7.5}]) in 0.7 ml batches, with 30 min periods between manually collected into 0.5 ml Eppendorf tubes. Matrix-Assisted Laser Desorption/Ionization additional loadings. The flowthrough was collected after the loading of the second 0.7 ml batch. When loading was completed, each of An aliquot (0.2 l) of each of the isolated HPLC fractions was applied to a premade spot of matrix (0.5 l of 20 mg/ml ␣-cyano-4-hydroxythe columns was washed with 2 ml of buffer LB2. The flowthrough from this wash was pooled with the flowthrough from loading. A cinammic acid ϩ 5 mg/ml nitrocellulose in 50% acetone/50% 2-propanol) (Shevchenko et al., 1996) on the target plate. Ions were total of 60 ml WGA flowthrough fraction was obtained, which contained the synergizing activity. Each of the WGA columns was further formed by matrix-assisted laser desorption/ionization (MALDI) with a nitrogen laser at 337 nm. Spectra were acquired with a PerSeptive washed with 20 ml of LB2. Column elution was begun with 0.7 ml elution buffer 2 (EB2 ϭ LB2 ϩ 0.5 M N-Acetylglucosamine ϩ 5 M Biosystems Voyager Elite time-of-flight mass spectrometer operated in reflector delayed extraction mode. Urea), and the eluate was discarded. Elution was continued with an additional 0.3 ml of EB2, and the eluate was saved. After 1 hr, the Capillary LC-MS Peptides detected by MALDI-TOF MS were subjected to collisionelution was continued with 1 ml of EB2, and the eluate was saved. After another hour, the elution was continued with 1 ml and then induced dissociation (CID) in an ion trap mass spectrometer (LCQ, Finnigan MAT). A 1 L aliquot (5%) of the p140 tryptic digest was 0.7 ml EB2. The eluate was pooled with the previous ones for a total WGA-Agarose eluate of 24 ml. 
